Recent studies have shown that Panax ginseng has a variety of beneficial effects on the cardiovascular system. Homocysteine (Hcy), which is derived from methionine, has been closely associated with the increased risk of cardiovascular diseases. In the present study, whether the in-vivo long-term co-administration of ginseng total saponins (GTS), active ingredients of Panax ginseng, with L-methionine (Met) inhibits methionine-induced hyperhomocysteine (HHcy) and H-Hcy-induced cardiovascular dysfunctions was investigated, and it was found that the plasma Hcy level, which was measured after 30 and 60 days, in the GTS+Met co-administration group was more significantly reduced than in the Metalone-treatment group. The left-ventricle (LV) wall thickness of the heart was likewise examined in each treatment group, and it was found that the co-administration of GTS with Met significantly reduced the Met-induced LV wall thickness. The results of the study indicate that the in-vivo long-term co-administration of GTS with Met not only inhibited H-Hcy induced by long-term Met-alone administration but also attenuated the H-Hcy-induced cardiovascular dysfunctions in rats.
INTRODUCTION
Homocysteine (Hcy) is a thiol-containing amino acid derived from L-methionine (Met), one of essential amino acids. Hcy is produced entirely from the methylation cycle, since it is totally absent from any dietary source. 1, 2) Three forms of Hcy are usually present in plasma, whereby most of it (80-90%) is bound to proteins; a smaller part is available as free amino acid, and traces are present as disulphide forms. Studies in animal models and humans have demonstrated that hyperhomocysteinaemia (H-Hcy) first induces endothelial dysfunctions. [3] [4] [5] [6] [7] [8] [9] [10] [11] Endothelium dysfunctions are known as an initial step of arteriosclerosis and induces alterations of blood vessel contraction and relaxation, permeability, and changing platelet and leukocyte adhesions. Although the molecular mechanisms by which H-Hcy impairs the blood vessel wall and promotes arteriosclerosis are still not clearly elucidated, it is believed that a high concentration of plasma Hcy is the main causes of the vascular endothelium injury, 12, 13) and resulting in increased oxidative stress and decreased nitric oxide (NO) bioavailability. 14, 15) On the other hand, H-Hcy can also affect left ventricular (LV) hypertrophy and cardiac fibrosis in animal models that is reversed with folate treatment. 16, 17) Ginseng, a widely recognized herbal drug, has been reported to have a wide range of therapeutic and pharmacological uses. Ginseng's genus name Panax is derived from the Greek words pan (all) and akos (cure), meaning cure-all. Ginseng root has been used extensively in Korean and Chinese medicines and has become increasingly popular in the Western world for its alleged tonic effect and possible preventive and restorative properties. There are increased experimental evidences concerning the beneficial effects of ginseng roots in cardiovascular abnormalities. These studies have shown that ginsenosides total saponins (GTS), the major constituents of ginseng, have protective effects from vascular injuries due to various causes. 18, 19) For example, it has been reported to be effective in treating cardiovascular diseases such as coronary thrombosis and in improving cardiac muscle microcirculation. Administration of GTS improved myocardial relaxation function, 20) lowered cerebrovascular resistance, suppressed proliferation of aortic smooth muscle cells induced by hypercholesterolemic serum, ameliorated cardiac function in the early stage postburn, 21) and finally enhanced fibrinolytic activity of bovine aortic endothelial cells. 22) Those effects provide one possibility that GTS might be also a valuable approach for the protection to the injured blood vessels by H-Hcy. However, no previous work has examined whether GTS attenuates H-Hcy and has protective effects against cardiovascular dysfunctions after H-Hcy induced by in vivo long-term administration of Met. Here, we investigated whether the long-term co-administration of GTS with Met could attenuate H-Hcy induced by in vivo long-term Met alone treatment in rats and also examined whether the long-term treatment of GTS with Met could ameliorate cardiovascular dysfunctions such as LV hypertrophy induced by HHcy, 23) We found that co-administration of GTS with Met not only reduced Met-induced H-Hcy but also attenuated LV wall thickness. These results indicate that GTS might be useful agent in attenuating Met-induced H-Hcy as well as H-Hcy-induced cardiovascular abnormalities.
METERIALS AND METHOSD

Animals
Forty male Wistar rats (weighing 150 g; Charles River, KFT) were housed with free access to commercial food pellets (LSM, Bacutil, Poland), as well as tap water ad libitum. All the animals were kept in light-dark conditions L:D=12:12. Light was turned on at 07:00. Animal care and handling was in accordance with the highest standards of institutional guidelines. The animals were divided into four groups with ten rats. Group 1: Normal control group with only tap water. Group 2: Met and succinylsulfathiazole (SST) administration in the tap water for a period of 30 and 60 days. Group 3: GTS alone treatment group for a period of 30 and 60 days. Group 4: GTS+Met+SST co-treatment group for a period of 30 and 60 days. SST was used to avoid bacterial proliferation and subsequent folate production. 24, 25, 26) Drug Administrations Fig. 1 shows the chemical structures of ginsenosides. GTS was kindly provided by the Korea Ginseng Corporation (Daejon, South Korea). GTS dissolved in saline was administrated intraperitoneally (i.p.) to rats at a dose (50 mg/kg, twice/day, every 12 h interval for 30 and 60 days, n=10, each group). GTS administration began on day 0, followed by Met on day 3. Met was administrated via oral (p.o.) route to rats. Met-caused H-Hcy was induced by administration of the dissolved Met (1.0 g/kg body weight/day) and SST (0.5 g/kg body weight/day) in the tap water for a period of 30 and 60 days. The dosage of Met and SST administered per animal was based on average daily fluid intake and SST was used to avoid bacterial proliferation and subsequent folate production. [27] [28] [29] Control vehicle group was administered only with tap water. Animals of each group were housed separately, and fed standard rat chow, and were weighed at 30 and 60 days, respectively.
Determination of Serum Hcy
Blood was collected from the femoral artery of fasting rats. It was immediately cooled on ice and centrifuged at 3,000×g for 20 min at 
Measurement of Blood Pressure
Arterial pressure (AP) was continuously recorded in conscious unrestrained rats. 31) Briefly, the rats were anesthetized with a mixture of ketamine (100 mg/kg, i.p.) and acepromazine (5 mg/kg, i.p.). A polyethylene catheter (PE-10 connected to PE-50) was chronically placed into the lower abdominal aorta via the left femoral artery for measurement of AP. The catheter was tunneled subcutaneously and exteriorized through the interscapular skin. After 2 days of recovery, the aortic catheter was connected to a pressure transducer via a rotating swivel that allowed the rat to move freely in the cage. After approximately 3 h of habituation, the AP signal was digitized by a microcomputer for 2 h (12.00-14.00 h). Systolic AP and diastolic AP values were determined on-line. Using offline analysis, the mean values of these parameters were calculated for a period of 2 h and served as systolic AP and diastolic AP. The standard deviation of the pressure during a 2 h interval was calculated and defined as the quantitative parameter of blood pressure.
Echocardiography
Transthoracic M-mode and Doppler echocardiography were performed at 60 days after co-administration of GTS and Met, using an ultrasonographic system (SSD-5500, Aloka, Tokyo, Japan) with a 10-MHz transducer. Rats were sedated with intraperitoneal ketamine HCl (50 mg/ kg) and xylazine HCl (5 mg/kg). Standard techniques were used to obtain M-mode echocardiograms from short-axis views at the papillary muscle level of the LV. LV posterior wall thickness at end-systole and diastole (LVPWTs, LVPWTd) were measured. End-diastole and end-systole were defined at the time of the most posterior and anterior excursion of LVPW respectively. Left longitudinal imaging was performed at approximately 45 o through the left parasternal rib space with a maximum imaging depth of 40 mm. M-mode echocardiography was recorded at the level of the mitral valves at a paper speed of 100 mm/s. LVPWTs and LVPWTd were measured by the leadingedge method from at least three consecutive cardiac cycles on the M-mode tracing as proposed by the American Society for Echocardiography.
32)
Data analysis
All data are reported as means±SEM. Statistical analysis was performed with two-tailed Student's unpaired t test, except for the vascular reactivity study, for which two-way ANOVA for repeated measures was used to compare two curves. The threshold for statistical significance was p<0.05.
RESULTS AND DISCUSSION
Body weight. We have measured the body weight, food, and water intake during the long-term administration of normal control, GTS alone, Met alone, or GTS+Met group. The initial body weight of normal control, GTS alone, Met alone, or GTS+Met group was 138.5±9.6, 140.7±10.5, 142.5±8.8, 139.7±8.2 g, respectively. The body weight in normal control, GTS, Met, and GTS + Met group after 30 and 60 days was not significantly different among them. Thus, the body weight of normal control, GTS, Met, and GTS + Met group was 387.6±18.3, 377.4±22.8, 386.5± 25.1 and 379.7±24.1 g after 30 days, respectively and 482.3±28.3, 481.5±32.7, 488.9±35.0, and 479.8±29.7 after 60 days, respectively. No significant changes were also observed for initial plasma Hcy level in all four groups before Met administration (data not shown). During whole experimental periods, the amounts of water and food intakes in each group were not significantly different among four groups (data not shown).
Effects of blood pressure, heart rate, pulse pressure and mean pressure
We next measured changes of blood pressure, heart rate (HR), pulse pressure (PP) and mean pressure in each group. There was no significantly difference in systolic pressure (SP), diastolic pressure (DP) and HR among groups (Table 1) . Other hemodynamic parameters such as PP, mean AP also did not significantly differ among all four groups (Table 1) .
Effects of GTS on plasma Hcy concentration
We measured plasma Hcy levels in each administration group. Plasma Hcy levels between normal control and GTS alone group after 30 and 60 days were not significantly different from each other. Con : GTS = 8.8±2.9 : 7.3±2.5 mM after 30 days and 5.4±3.1 and 7.3±3.2 mM after 60 days, respectively. Plasma Hcy levels were sig-nificantly elevated after 30 and 60 days in Met alone administration group compared with the GTS+Met group; Met : GTS+Met = 42.5±5.7 : 29.1±5.0 µM after 30 days and Met : GTS+Met = above of 75 : 43.1±9.1 µM after 60 days (*p<0.05 and **p<0.01 significantly different from Met alone administration). Thus, co-administration of GTS reduced the mean Hcy levels by 31.6% and above of 43% after 30 and 60 days compared with Met alone group, respectively (Fig. 2) . However, GTS alone administration did not affect plasma Hcy level after 30 and 60 days, indicating that GTS itself did not affect basal plasma Hcy level but GTS co-administration with Met could inhibit Met alone-caused elevation of plasma Hcy.
Echocardiography in each administration group.
In previous reports, because plasma H-Hcy can induce LV hypertrophy and cardiac fibrosis in animal models, 16, 17) we examined LV-end-systolic and diastolic posterior wall thickness in each group. Systolic and diastolic cardiac LV wall thickness was measured (Fig. 3) . Systolic LV-wall thickness was 2.3±0.1, 2.5±0.04, 3.02±0.03 and 2.44±0.08 mm in normal control, GTS, Met, GTS+Met group, respectively (n=10, each group). Diastolic LV-wall thickness were 1.6±0.05, 1.72±0.04, 1.96±0.04 and 1.72±0.04 mm in normal control, GTS, Met, GTS+Met group, respectively (n=10, each group) (Fig. 4) . Met alone group showed significant increases of LV-end-systolic and diastolic posterior wall thickness as compared with normal control group. Co-administration of GTS significantly reduced systolic cardiac and diastolic LV wall thickness of the rats as compared with Met alone group (*p<0.01).
Ginseng becomes popular in the Western world for its alleged tonic effects and possible curative and restorative properties. Accumulating evidences support the potential benefits of ginseng roots in the cardiovascular systems. For example, administration of ginsenosides, active ingredients extracted from Panax ginseng, has been shown to decrease blood pressure in both hypertensive patients and experimental animals. 33, 34) The anti-hypertensive effects of ginsenosides may be at least partially due to their ability to regulate vascular tones. Indeed, ginsenosides have been shown to concentration-dependently relax the prostaglandin F2a-induced contraction of isolated rabbit pulmonary arteries 35) and the phenylephrine-induced contraction of isolated rabbit rat aortas. 34) However, no previous works have examined whether GS also have effects on long-term Met-induced H-Hcy and H-Hcy-caused cardiovascular injury in rats.
The present study was performed to know whether in vivo long-term administration of GTS exhibits beneficial effects on long-term Met-induced H-Hcy and H-Hcyinduced cardiovascular damages. Our results revealed Met; methionine, SP; systolic pressure (mmHg), DP; diastolic pressure (mmHg), HR; heart rate (beats/min), PP; pulse pressure (mmHg), MP; mean pressure (mmHg). The data were obtained from groups of normal control (N/C), GTS (100 mg/kg) alone, GTS (100 mg/kg)+Met, and Met alone. Data are mean±S.E.M. (n=10, each group).
Fig. 2.
Plasma total L-Hcy levels after 30 and 60 days after administration with L-methionine (Met) (n=10 each group). Hcy levels were significantly decreased in GTS+Met combined group as compared with Met alone group after oral administration of Met. However, this parameter was not significant different between GTS alone group and normal control. *p<0.01, vs. Met.
four major findings. First, the long-term co-administration of GTS with Met inhibited the elevation of plasma Hcy induced by long-term administration of Met (Fig. 2) . Second, the long-term co-administration of GTS with Met significantly reduced Met-induced LV-end-systolic and diastolic posterior wall thickness in echocardiography (Fig. 3, 4) . Thus, the major findings of the present study are that GTS has preventive effects against H-Hcy and attenuates the cardiovascular dysfunctions caused by HHcy. The previous reports showed that co-administration of folate, vitamin B12, or vatamin B6 prevents the longterm administration of Met-induced H-Hcy. [36] [37] [38] The folate and vitamin 12 are involved in the remethylation of Hcy to Met, and vitamin B6 is a necessary cofactor in the degradation of Hcy to cysteine. 39) Thus, the attenuating effect of GTS against H-Hcy is unlikely due to that GTS is involved in remethylation or degradation of Met as those vitamins do. We could not currently explain how the longterm administration of GTS inhibits the elevation of plasma Hhcy induced by long-term administration of Met. There could be several speculations as adaptogenic effects of GTS. First, GTS might inhibit Met uptake in gastrointestinal systems. Second, GTS might facilitate Met metabolism and excretions with different ways from those of vitamins. Future studies will be required to assess these possibilities. On the other hand, NO produced from eNOS is a known regulator of vascular tone, blood pressure, and antithrombotic activity. [40] [41] [42] Thus, inadequate NO production and decreased eNOS expression due to H-Hcyinduced endothelial damages are seen in artherosclerosis and other vascular injury. 43) As mentioned above, homocysteine also increases potent reactive oxygen free radicals, and this may also explain the decreased availability of NO, because superoxide anion is readily reacted with NO to form peroxynitrite anion. 44) Also, it is known that vascular tone is usually determined by balance between contraction and relaxation. The loss of the basal release of endothelium-derived relaxant factors by H-Hcy results in significant alterations of constriction and relaxation of vascular smooth muscle.
37) It is known that HHcy also induces abnormality of heart function as well as endothelial injury. 23) In this study examining that the long-term co-administration of GTS with Met also attenuates H-Hcy-induced heart abnormalities, we found using echocardiography that H-Hcy caused an increase of LV wall thickness, whereas co-administration of GTS with Met significantly reduced H-Hcy-induced increase of LV wall thickness. It could be then questioned what is the mechanism underlying the attenuating effect of GTS against H-Hcy-caused rat LV thickness. The primary possibility is that GTS-induced attenuation against H-Hcyinduced LV thickness might be derived from the inhibition of elevation of plasma Hcy (Fig. 2) . H-Hcy may promote LV hypertrophy through vascular and non-vascular mechanisms. Hcy has growth-promoting and collagen production-stimulating effects on vascular smooth muscle cells and inhibitory effects on endothelial cell growth. [45] [46] [47] The second possibility is that GTS protection against HHcy-induced LV thickness might be derived from the inhibition on Hcy-induced Ca 2+ influx via Ca 2+ channel on myocardial endothelium. Previous report showed that an increase in intracellular calcium increases collagen expressions in fibroblast cells. 48) Blocking of calcium channel inhibits matrix metalloproteinase expression. 49) And, the effect of Hcy in intracellular calcium release was 100-fold greater than cysteine. 50) In the previous study, we have shown that ginsenosides inhibit L-types of Ca 2+ channels. [51] [52] [53] [54] Thus, the inhibitory effect of GTS on Ca 2+ channel activity could be the basis of attenuation of HHcy-induced LV thickness through inhibition of intracellular Ca 2+ elevation on myocardial endothelium in rats. The third and last possibility is that the effect of GTS against LV thickness might be derived from the attenuation of oxidative stress caused by H-Hcy on myocardial endothelium as described above. 55, 56) Interestingly, we could not observe significant differences in the hemodynamic parameters between normal control, GTS alone, Met alone and GTS+Met groups. Similarly, other investigators reported the unchanged systolic AP in mild H-Hcy rats as compared with control normal group. 38, 39) Moreover, acute intravenous injection or infusion of high doses of Hcy to induce higher plasma Hcy levels (65~1,000 •ÏM) did not alter mean AP in the rat. 57, 58) Therefore, mild H-Hcy per se has no effect on AP, at least in this species. However, the association between mild H-Hcy and higher AP observed in human studies, further studies remains to be explained. [59] [60] [61] In summary, the present study showed that the longterm administration of Met induced H-Hcy and increased wall thickness of LV-end-systolic and diastolic posterior wall thickness, whereas co-administration of GTS with Met induced an attenuation of those cardiovascular abnormalities caused by H-Hcy. These results show a possibility that GTS can be used as a prophylaxic agent attenuating H-Hcy and H-Hcy caused-cardiovascular dysfunctions.
